for the diagnosis of idiopathic pulmonary fibrosis (IPF). We conducted a blinded, prospective study at eight referring centers. Initially, cases were evaluated by clinical history and examination, transbronchial biopsy, and high-resolution lung computed tomography scans. Pulmonologists at the referring centers then assessed their certainty of the diagnosis of IPF and provided an overall diagnosis, before surgical lung biopsy. The lung biopsies were reviewed by a pathology core and 54 of 91 patients received a pathologic diagnosis of IPF. The positive predictive value of a confident (certain) clinical diagnosis of IPF by the referring centers was 80%. The positive predictive value of a confident clinical diagnosis was higher, when the cases were reviewed by a core of pulmonologists (87%) or radiologists (96%). Lung biopsy was most important for diagnosis in those patients with an uncertain diagnosis and those thought unlikely to have IPF. These studies suggest that clinical and radiologic data that result in a confident diagnosis of IPF by an experienced pulmonologist or radiologist are sufficient to obviate the need for a lung biopsy. Lung biopsy is most helpful when clinical and radiologic data result in an uncertain diagnosis or when patients are thought not to have IPF.
Idiopathic pulmonary fibrosis (IPF) is a lung disorder with a poor prognosis (1) (2) (3) (4) (5) (6) (7) . Because patients with other disorders that mimic IPF (2, (8) (9) (10) (11) (12) (13) (14) (15) (16) ) have a better prognosis or require different therapy, it is recommended that patients suspected of having IPF undergo a surgical lung biopsy. The amount of tissue obtained with transbronchial biopsy is not sufficient to make a diagnosis (17) . Recent retrospective studies have suggested that radiologic findings, using high-resolution computed tomography (HRCT) scans, are highly specific for IPF and can be used to make a diagnosis without a lung biopsy (2, 13, (18) (19) (20) (21) (22) . The present study determined the value of clinical and radiologic findings for the diagnosis of IPF.
METHODS
We performed a prospective, blinded study at eight referring centers. All new patients suspected of having IPF were entered into the study if their medical condition did not preclude performing the biopsy. The study was approved by the institutional review boards for protection of human subjects at each of the centers and the subjects gave written informed consent.
The study was designed to mimic the usual clinical evaluation of patients suspected of having IPF. Patients with an underlying connective tissue disorder, exposure to environmental agents or drugs known to cause pulmonary fibrosis, or other underlying disorders known to cause pulmonary fibrosis were excluded. The remaining patients had a HRCT scan and a bronchoscopy with a transbronchial lung biopsy. The transbronchial biopsy was performed to detect lung diseases other than IPF. A diagnosis was obtained by transbronchial biopsy in only two patients. If the transbronchial biopsy did not provide a specific diagnosis, patients underwent a surgical (open or thorascopic) lung biopsy. The lung HRCT scan was not used to determine if a patient should undergo a surgical biopsy.
Before the surgical biopsy but after the results of the lung HRCT scan and transbronchial biopsy, one pulmonologist at each of the referring centers rated the certainty of the diagnosis of IPF (as certain, uncertain, or unlikely) and provided an overall clinical diagnosis, even if the diagnosis was uncertain. The center investigators could use any clinical information that was available for the patient to provide this assessment. No predetermined clinical or radiologic criteria were used to make a clinical diagnosis or to determine the level of certainty of the diagnosis of IPF.
The following information was provided by the referring centers for review by a clinical core of three pulmonologists: presence and duration of cough; presence and duration of dyspnea; history of smoking; history of fever, weight loss, myalgias, arthralgias, rash, and arthritis; presence of finger clubbing; and pulmonary function tests. The clinical core directly evaluated chest radiographs and HRCT scans. Each independently rated their certainty of the diagnosis of IPF (as certain, uncertain, or unlikely) and provided an overall clinical diagnosis, even if the diagnosis was uncertain.
A core of four chest radiologists independently evaluated the HRCT scans. No clinical information was provided. Each rated their certainty of the diagnosis of IPF (as certain, uncertain, or unlikely), and provided an overall clinical diagnosis, even if the diagnosis was uncertain.
A core of three lung pathologists independently evaluated the same sets of pathology slides. No clinical information was provided. They provided an overall pathologic diagnosis, and if they were unsure of the diagnosis, they provided a secondary diagnosis.
Data Analysis
The kappa statistic (23) was used to assess agreement in IPF diagnosis for all observers within each of the cores. The kappa coefficient used to measure agreement within the cores was based on the form proposed by Kraemer (24) , which allowed for unequal numbers of observations per subject. The probability of agreement between any two members of a core, estimated as the average proportion of concordant pairs for ( Received in original form January 22, 2001 and in revised form February 28, 2001 ) Supported in part by the NHLBI SCOR program on interstitial lung disease. Correspondence and requests for reprints should be addressed to Gary W. Hunninghake, M.D., University of Iowa College of Medicine and Veterans Administration Medical Center, Department of Internal Medicine, C33-GH, Iowa City, IA 52242. E-mail: gary-hunninghake@uiowa.edu all possible pairings of raters per subject, was also estimated (25) . Using the pathology diagnosis of IPF as the gold standard, sensitivity, specificity, accuracy, and positive predictive value of the diagnosis of IPF of the cores and centers were calculated. For the combinations of overall clinical diagnosis and certainty of diagnosis of each of the cores and referring centers, Bayesian posterior probabilities corresponding to the predictive value of the diagnosis/certainty of diagnosis in identifying IPF were calculated (26) . A prior probability of IPF of 0.60, corresponding to the prevalence of IPF in new suspected patients who present for diagnosis, was used in these calculations. This estimate was based on the proportion of patients in whom IPF was diagnosed by the pathology diagnosis. A high level of sensitivity, specificity, accuracy, positive predictive value, and Bayesian posterior conditional predictive probability for a confident IPF diagnosis would suggest that biopsy is not necessary for cases with a confident diagnosis of IPF.
RESULTS
The eight referring centers entered 91 patients; 82 of these patients had no complications from the biopsy. In four patients, an air leak persisted for up to 6 d. Three patients were readmitted because of a pneumothorax which resolved with placement of a chest tube. One patient developed a postoperative fever without a change on the chest radiograph. Another patient, a 70-yr-old white male, was hospitalized with dyspnea due to a pneumothorax. The patient was evaluated using the protocol because of a chest radiograph consistent with interstitial lung disease. During his hospital stay, he had recurrent pneumothoraces. Because of this, he had a thoracoscopy for removal of blebs and a pleurodesis. A lung biopsy was performed during the procedure. Postoperatively, he developed increased respiratory failure and died.
Pathologic findings consistent with usual interstitial pneumonia were required for the clinical diagnosis of IPF (27) . When only the primary diagnosis was used, the probability that any two pathologists in the pathology core would agree regarding the presence or absence of IPF 0.85 (Table 1) . If the secondary diagnosis was considered, the probability of agreement was 0.87. The probability of agreement regarding a specific primary diagnosis was 0.72. When both the primary and secondary diagnoses were considered, the probability of agreement for a specific diagnosis was 0.85. The agreement regarding a specific diagnosis was not as high when compared with the agreement regarding the presence or absence of IPF because there was less agreement in the group of patients who did not have IPF. Of the 37 patients in whom IPF was not diagnosed by at least two of the pathologists, the probability of agreement regarding a specific primary diagnosis was 0.48. For this study, we considered agreement between two pathologists regarding a specific diagnosis or the presence or absence of IPF, as the standard for the study. This allowed us to have agreement on the presence or absence of IPF on all patients. Overall, IPF was present in 54 cases and not present in 37 cases. Of the 37 non-IPF cases, one had silicosis, 12 had respiratory bronchiolitis, seven had hypersensitivity pneumonitis, three had sarcoidosis, one had histiocytosis-X, two had emphysema, one had bronchiolitis obliterans with organizing pneumonia, six had nonspecific interstitial pneumonitis, two had bronchoalveolar carcinoma, one had pulmonary hypertension, and one had eosinophilic pneumonia.
Referring Centers
Overall, the sensitivity, specificity, accuracy, and positive predictive value of the diagnosis of IPF were 85%, 43%, 68%, and 69%, respectively (Table 2) . When the uncertain cases were excluded, the sensitivity, specificity, accuracy, and positive predictive value of a confident diagnosis were 93%, 36%, 78%, and 80%, respectively ( Table 3) . The probability that a patient has IPF given a confident (certain) diagnosis by the referring center was 0.81 (Table 4) .
A diagnosis of IPF/usual interstitial pneumonia uniformly resulted in aggressive therapy with corticosteroids, usually with a cytotoxic agent. Of the 54 patients with IPF, 11 were not thought to have IPF before biopsy. The information was also used for counseling regarding prognosis for these patients with IPF. For the remaining 37 patients, less aggressive therapy appropriate for the diagnosis was used. For nine patients, a certain diagnosis of IPF underwent a major change to: lung cancer (two patients), sarcoidosis (two), hypersensitivity pneumonitis (three), silicosis (one), and emphysema (one).
Radiology Core
The probability that any two members of the core would agree with respect to the presence or absence of IPF was 0.77 (Table * Investigators were asked to provide an overall diagnosis, irrespective of their level of certainty. Investigators also rated their certainty of the diagnosis of IPF. This analysis evaluates only those cases where the investigator was confident that the cause was IPF or not IPF, i.e., it excludes cases where the investigator was uncertain of the diagnosis of IPF. A confident diagnosis was made by the referring centers in 54 of 91 (59%) cases; by the clinical core in 63 of 91 (69%) cases; and by the radiology core in 52 of 89 (58%) cases. 1). Agreement within the core regarding a specific diagnosis was lower at 0.54 because there was less agreement for the patients who were believed not to have IPF. Overall, the sensitivity, specificity, accuracy, and positive predictive value of the diagnosis of IPF were 77%, 72%, 75%, and 85%, respectively (Table 2 ). When the uncertain cases were excluded, sensitivity, specificity, accuracy, and positive predictive value were 87%, 95%, 90%, and 96%, respectively ( Table 3 ). The probability that a patient has IPF given a confident (certain) diagnosis of IPF by the radiology core was 0.96 (Table 4) . One additional observation of the radiology core was that there were no instances where the diagnosis of IPF was associated with a normal HRCT scan (data not shown).
Clinical Core
The overall agreement within the core related to the presence or absence of IPF was 0.79 (Table 1 ). The agreement within the core related to a specific diagnosis was much lower at 0.49. Overall, sensitivity, specificity, accuracy, and positive predictive value of the diagnosis of IPF were 72%, 84%, 77%, and 87%, respectively (Table 2) . When the uncertain cases were excluded, sensitivity, specificity, accuracy, and positive predictive value of a confident diagnosis were 79%, 87%, 86%, and 87% (Table 3) . The probability that a patient has IPF given a confident (certain) diagnosis of IPF by the clinical core was 0.87 (Table 4) .
DISCUSSION
Overall, this study showed that clinical and radiologic data that result in a confident diagnosis by a pulmonologist or radiologist with extensive experience in the care of patients with interstitial lung diseases are sufficient to obviate the need for a lung biopsy. For these clinicians, the sensitivity, specificity, accuracy, and positive predictive value of a confident diagnosis are very high. It is important to note, however, that a confident clinical diagnosis of IPF identified only one-half of the patients who actually have this disorder. This study also suggests that lung biopsy may be required for diagnosis when patients are cared for by less experienced clinicians, when the diagnosis is uncertain, and when the clinical diagnosis is not IPF. The study also showed that it is easier to determine the presence or absence of IPF without lung biopsy than it is to make a specific diagnosis. This is due, in large part, to difficulty in determining a diagnosis in patients who do not have IPF.
For this study, we defined agreement on the diagnosis of IPF in the pathology core as two of the three members agreeing, rather than developing a consensus within the core. Although this may have resulted in chance agreement in a few instances, it is unlikely that this study design resulted in a change in overall diagnosis. In addition, because of the design of the study, we were able to evaluate, for the first time, the frequency of agreement between experienced pathologists or pulmonologists regarding the diagnosis of an interstitial lung disease. The frequency of agreement in the pathology core regarding the presence or absence of IPF was approximately 85%. The accuracy of this observation is supported by the observation that the agreement between pathologists at the clinical centers and the pathology core was also approximately 80% (data not shown). These observations suggest that in populations of patients with interstitial lung disease, a specific diagnosis might be difficult in approximately 15 to 20% of the cases, even with a surgical biopsy.
Several retrospective studies have evaluated agreement by radiologists for evaluation of lung HRCT scans of patients with interstitial lung disease. Collins and coworkers evaluated interobserver and intraobserver variability in evaluating lung HRCT scans in patients with IPF (19) . The overall kappa score for the pattern type on the lung HRCT scans in the study was 0.48, a value that is not significantly different from that observed in this study. In a study by Daniloff and associates (28) , the kappa score for interobserver agreement for the presence of nodules, septal lines, and ground-glass attenuation on lung HRCT scans from patients with chronic beryllium disease was 0.53, 0.44, and 0.53, respectively. These levels of agreement are also similar to that observed in this study. Kazerooni and coworkers correlated evidence of "fibrosis" on lung HRCT scans with evidence of fibrosis on pathologic specimens (29) . In the study, interobserver agreement on the lung HRCT scans was also similar to the present study. These observations, as an aggregate, suggest that the levels of interobserver agreement in the present study are consistent with prior studies.
It is important to emphasize that the results of this study were generated by pathologists, pulmonologists, and radiologists with a significant amount of experience with IPF and other interstitial lung diseases. Whether these results could be duplicated in other clinical settings is not clear. It should also be noted that members of the pathology and radiology cores evaluated the cases without knowledge of the clinical history, which is often available in clinical practice. This was not the case, however, in the referring centers where there was an exchange of information among clinicians, radiologists, and pathologists. This clinical setting most closely replicated the care of patients by pulmonary physicians in the community. In addition, a number of patients with interstitial disease, i.e., those with an underlying connective tissue disease or occupational lung disease, were excluded from the study because they often do not require open lung biopsy for diagnosis.
The overall findings of this study are similar to that of Raghu and colleagues (30) . It is reassuring, for both studies, that the sensitivity, specificity, and positive predictive value of a confident diagnosis of IPF were almost the same. The study by Raghu and colleagues was performed within a single institution, whereas this was a multicenter study with review of the data by clinical, radiologic, and pathology cores. A major strength of the current study is the broad and extensive experience of the participating investigators. In addition, a thorough analysis of agreement between these experienced clinicians, radiologists, and pathologists for the diagnosis of IPF is presented. This information should be critical for the design of future clinical studies of IPF.
In summary, this study defined in a prospective and blinded manner the capacity of experienced pulmonologists and radiologists to determine the presence or absence of IPF, using only clinical and radiologic information. In clinical practice, only a small percentage of patients undergo lung biopsy, in spite of recommendations that patients have a pathologic confirmation of the diagnosis of the disease. This may be due, in part, to complications associated with the procedure, as noted * A prior probability of 0.60 of having IPF among new suspected patients that presented for diagnosis was used in the calculation of the posterior probability.
for this study. The information from this study should help clinicians determine when a surgical biopsy will be most helpful in various patient care settings. In addition, the data from this study suggest that, for some patients, biopsy proof of IPF may not, in the future, be regarded as a necessary criterion for inclusion in clinical studies. For these clinical studies, inclusion of patients without a lung biopsy may require the expertise of experienced cores of clinicians and radiologists, as was the case in this study.
